Abstract-Wetlands are transitional lands between Terrestrial and aquatic system that provide many goods and services including flood water retention, water quality maintenance, wildlife habitat, and soil erosion control. To prevent further loss of wetlands, and conserve existing wetland ecosystem for biodiversity and ecosystem services and goods, it is important to inventory and monitor wetlands and their adjacent uplands. Subsequently, image analysis and processing was performed on mentioned images. Then all the resultant maps were assessed in a GIS framework. The results showed that there is a spatial reduction in the wetland ~72% due to increase in the agricultural land, increases in water demands and also anthropogenic activities in the upstream areas of wetland.
INTRODUCTION
Wetlands consist of 3 -6% of the earth's land surface, while they make available supplies and services such as: water quality maintenance, agricultural production, fisheries, and recreation [1] . Furthermore other services are floodwater retention, provision of wildlife habitat, and control of soil erosion [2] . The area of wetland definitely depends on the preservation of agricultural and oasis ecosystems in arid and semi-arid areas [3] . The wetland areas are greatly decreased during the past 50 years due to wetland reclamation, population pressure, water diversion, dam construction, pollution, biological incursion, desertification, climate change, and misguiding policies [4, 5] . Because of this, many wetlands around the world are protected and monitored by various agencies.
Geographic information systems (GIS) and remote sensing (RS) data are appropriate tools for monitoring of the wetland distribution area and spatial-temporal dynamic multiplicity [6] . During last two decades a diversity of remotely sensed data and change detection methods have been developed and assessed [7, 8, 9] . Remotely sensed data have been utilized to measure the qualitative and quantitative terrestrial land-cover changes [10] . Satellite remote sensing has many advantages for inventory and monitoring of wetlands and also provide information on surrounding landuse and their changes over time. Landsat MSS, TM, and SPOT are common data type for wetland classification and its spatial-temporal dynamic change [11, 12, 13] . Due to temporal revisit capability of the satellite data, it allows to monitor the wetlands either seasonally or yearly. The use of remote sensing data for land cover classification is less costly and less time-consuming than aerial photography for large geographic areas. For wetland studies such as monitoring and inventory use and apply satellite remote sensed data can suitable in developing countries, where the budget are restricted and the data about the wetland like wetland area, landuse, and wetland losses are limited [14] .
The Ramsar Convention on wetlands has long recognized the need to study development of artificial wetland [15, 16] . That can fill gaps in the baseline inventory and has supported the development and application of techniques including the application of remote sensing and GIS [8, 17, 15, 16] . The diversity of image data sources and classification techniques presently used has led to the development of numerous change detection techniques [18] . To wetland studies and identify particular locations of such changes, post classification comparison algorithm has been utilized [11] . Farming, rangelands and forests are the main consumers of water in the Karkheh watershed. Farming area consume around 6.4 × 10 9 m 3 /year which are located mailnly in downstream of karkheh watershed and part of it is located in the upstream area of karkheh [19] . In addition, the water balance of basin and sub basin indicate that water is a very scarce resource in the Karkheh watershed [20] . Recently, anthropogenic activity such as engineering project (e.g. construction of Karkheh dam) has increased in around of studied wetland. Furthermore, some climatologic phenomena such as drought increased the Evapotranspiration rate in the study area. It seems the mentioned factors have some affects on the amount of area of Hoor Al Azim wetland during last three decades [21] . This study is an attempt to investigate the four multi-temporal Landsat images between 1985 and 2011 from Hoor AL Azim wetland to monitor and to detect changes happened in this area.
II. STUDY AREA
Hoor Al Azim wetland is part of Al-Hawizeh wetland from Mesopotamian marshlands is located in southwest of Khuzestan province in Iran-Iraq border and lies between latitude 31° 28 4 N and longitude 47° 56 57 E in north of Persian Gulf (Fig.1 ). This wetland is also part of the Karkheh watershed. It is covers an area ~1290 km 2 and its watershed (Karkheh Watershed) is ~50,760 km 2 . The wetland lies at an average elevation of 4 m above mean sea level, while in the north of the watershed the elevation is more than 3000 meters. Eastern part of the wetland is fed by Karkheh River, while the western part is largely fed by two main tributaries from the Tigris River near Al Amarah, the Al Musharah and Al Kahla. Marsh water flow finally joins the Shatt-al-Arab 15 km south of Al Qurnah via the Al Swaib River and finally will enter to Persian Gulf. Sitings of the endemic Smooth-coated Otter have also been made in this region [21] . Wetland covered by halophytes vegetation and its wildlife includes different type of birds and fishes. The mean annual precipitation in the wetland and surrounding area is about 240 mm; mean annual temperature is 24°C, and the rate of Evapotranspiration is ~1900 mm [22, 23, 24, 25] . Karkheh River is part of Karkheh basin that mainly affects the Hoor Al Azim wetland. Mean annual precipitation is ~450 mm, while mean annual temperature is ~25ºC. Karkheh Dam was constructed on Karkheh River in 2001, is a multi-purpose dam provides irrigation water to ~350,000 hectares in Khuzestan plain and also provides hydropower generation and flood control [22] .
III. MATERIALS AND METHODS

A. Remotely sensed data
Multi-spectral Landsat images data were collected from 1985 to 2011. Data and information on wetland and upstream, was extracted from Multispectral Scanner (MSS) image in 1985 and Enhance Thematic Mapper (ETM+) images of the years 1999, 2002, and 2011. As the main objective of this study is to construct the thematic layers showing the change detection and monitoring of the wetland, the different in spatial resolution between MSS and ETM+ was not a concern in this case [26] . A subset of these scenes (upstream of wetland) was selected to assess changes of the wetland. Table I shows the details of the satellite images used in this study. 
B. Image pre-processing and classification
At first some preprocessing such as atmospheric and geometric correction was conducted on the Landsat images with image acquired on 3 May 2002 was selected as reference map and geometrically corrected and registered to the UTM map coordinate system zone 38 North, Datum WGS-84. Then other images (1985, 1999 , and 2011) were registered (image to image) according to the 2002 image. The Environment for Visualizing Images (ENVI 4.8) was used for all image analysis and image processing. The maximum likelihood supervised classification was applied and six classes (water body, farming, rangelands, sand dune, smooth sand surface, and farm land) were identified for all images. But in this research, only two classes (farming and farm land) were assessed. Since these classes are the major consumer of water, therefore they need to assessed and identified with respect to the changes in the study area and also their impacts on the Hoor Al Azim wetland.
C. Normalized Difference Vegetation Index (NDVI)
NDVI is an index that provides a standardized method of measuring vegetation density in satellite image [27] . Land cover and Landuse (LCLU) analysis and assessment were done to assess vegetation variation in the study area by determining NDVI derived from landsat images as follows (Eq. 1):
where; R NIR and R red are the spectral reflectances in nearinfrared and red bands respectively. This equation produces values in the range from -1 to 1, where positive values indicate vegetated areas and negative values signify nonvegetated surface features such as water, barren and clouds, etc.
D. Change Detection
Landuse and land cover properties can be determined using digital change detection processing with respect to multi-temporal satellite imagery [18] . It will be helpful to identify variations between two or more dates [28] . High temporal resolution, precise spectral bandwidths, repetitive flight paths, and accurate georeferencing procedure are factors that contribute to the increasing use of satellite image data for change detection analysis [29, 18] . This study used post-classification change detection using independent classified multi-temporal images and also thematic change detection to find changes in LCLU. Fig. 2 shows the methodological flow-chart used in this research.
E. Ancillary data
Annual precipitation map in the Karkheh watershed was generated using meteorological data which as extracted from synoptic stations (Fig. 3) . Also, Evapotranspiration map for the studied area was produced using the data obtained from the same stations (Fig. 4) . 
IV. RESULTS AND DISCUSSION
A. Multi-temporal classification and NDVI
Classified images applied to assessment of changes in land cover and land use in the upstream of wetland (Fig.5) . The accuracy of the data for the years 1985, 1999, 2002, and 2011 was 76.83%, 82.84%, 76.74%, and 88.23% respectively. Similarly, the corresponding kappa coefficient was 0.6028, 0.7311, 0.6672, and 0.8164. The mean overall accuracy of classification was 81.16% and mean kappa coefficient was 0.7043. After applying the classification scheme on all four images the percentage and area of each class was determined (Table II) . As indicated earlier, Farming and Farm land classes used in this research, the consequences show the increasing in the area of these two class after construction dam in year 2001 (Table II) . 
AREA AND PERCENT OF LAND COVER CLASSES IN THE STUDY AREA
On the other hand, NDVI data of four images also indicated that there is an increment in vegetation areas during the period of 1985 to 2011. This increment has happened more in farming and lesser in rangeland areas. 
B. Change detection analysis
Any class images that outcome from classification step, can prepare and calculate the area covered by each class. After that, post classification change detection was applied for two different times (T1 and T2). Details of information obtained from change detection analysis are shown in Table III . The recognized classes in this table were assessed to demarcate the change spatially. The spatial changes of farming classes were extracted during 1985, 1999, 1999, 2002, and 2011 (Fig. 6) . The results in change detection map are similar to the NDVI map illustrating that the farming areas are gradually increasing. The map showed in Fig. 4 is obtained 
C. Results from ancillary data
Generally speaking, spatial distribution of annual precipitation in the Karkheh watershed depends on elevation of the area. Precipitation in downstream of Karkheh dam area is regarded as insufficient to meet the crop water requirements and irrigated agriculture field largely depends on water from Karkheh dam, removal from Karkheh River, and groundwater resources [20] . In addition, the growing competition between the various uses of water is among the major concern in the basin. In the downstream of watershed, the competition between irrigated agriculture and the Hoor Al Azim wetland ecosystem has led to low water productivity, low volume water discharge to wetland, increasing salinity problems, and reduce water surface availability. The analysis of the annual precipitation data for the study area from 1994-2004 showed that the minimum and maximum precipitation were found to be 14,500 and 23,500 × 10 6 m 3 /year respectively [20] . Potential Evapotranspiration (ETa) is another factor considered assessing. Generally, monthly values of ETa are highest during March to May that indicates the growing period. During these months the removal of water increases and as a result, the percent of agricultural land also increases. So the amounts of stream flow that discharge to Hoor Al Azim wetland is decreases and gradually led to reduction in area and convert it to barren land. The results of analysis in this study indicate that, the karkeh dam inundation, increase in agricultural land, and somewhat the weather factors affected the Hoor Al Azim Wetland and causes the decrease in area during 1985-2011. This reduction is ~ 72% (Fig. 7) . This study applied multi temporal remote sensing data and GIS techniques in Hoor Al Azim wetland. The main purpose was to detect the changes in wetland before and after dam construction and its factors. Assessment of results shows that the wetland system is changed dramatically. Increase in agricultural activity, climate change somewhat and engineering project caused surface area reduction and Hoor Al Azim wetland.
